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In Procés-verbaux des séances de la Section de
Météorologie, Union Géodésique et Géophysique Inter-
nationale, Annexe VI, Deuxiéme Assemblee Générale, the
president of the section, Sir Napier Shaw, has given an
excellent summary of pyrheliometric messurements of
solar radiation intensity made in all parts of the world.
The summary was prepsred in response to a resolution
of the section at its meeting in Rome in 1922,

Sir Napier expresses radiation intensities in units of
power (kilowatts per square dekameter) for the resson,
as he states, that ““The kilow=att is the unit that engineers
use to represent electrical power; solar energy is thereby
brought into the same category as the energy which men
buy or sell.”

There are two kinds of solar radistion measurements to
be considered, as follows:

(1) The total radiation received on a unit of horizontal
surface from the sun and sky, and
d (2) The intensity of solar radiztion at normal inci-

ence.

THE VERTICAL COMPONENT OF SOLAR RADIATION

Measurements of the total radiation as in (1) above
are best made with recording instruments, and the
records are continued during cloudy and rainy weather
as well as when the sky is free from clouds. Table 1
gives a list of the stations at which continuous records of
this character have been obtained. Figures 1 and 2
give the annual march of the daily totals for the different
stations expressed in kilowatt hours persquaredekameter.!

For all stations in the United States except Mount
Weather, the data from which the curves are constructed
is in the form of weekly means of the daily totals; for
Mount Weather and Lourenco Marques the means are for
decades; for all other stations they are monthly means.
The weekly and decade means have been smoothed Ly
the well-known smoothing formula

a+2b+ec
4
The sources of the data are given in Table 2.

TaBLE 1.—Stations which obtain records of the total radiation re-
ceived on a horizontal surface from the sun and sky

Station Latitude Ii?lrég; f;ll(ti'e Period Instruments
o/ ° ! Meters .
(1) Lincoln, Nebr__._| 40 50 N. | 96 41 W. 3%1 i July, 1915~ | Callendar.
: December,
1925.
(2) Madison, Wis___{ 43 05 N. | 89 23 W. 308 | April, 1911- Do.
December,

1 One gram-calorie per square centimeter equels 1.161 kilowatt hours per square deka-
meter.
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TaBLE 1.—S8tations which obtain records of the total radialion re-
ceived on a horizontal surface from the sun and sky—Continued

Station Latitude If:l"lig;' ‘:&‘; Period Instruments
° ° Meters
(3) Chicago, 111.| 41 47T N. | 87 35 W. 210 | September, | Weather Bureau
(University 1923-A pril, thermo-elec-
Station.) . 1927, tric.
(4) Mount Weather, | 39 04 N. | 77 53 W. 540 | May, 1912~ | Callendar.
Va. September,
1914.
(5) Washington, | 38 58 N. | 77 05 W. 137 | November, Do.
D.C. 1914-Octo-
ber, 1922,

November, | Weather Bureau
1922-Decem-| thermo-elec-
ber, 1925 tric.

(6) New York, N.Y.| 40 46 N, | 73 58 W. . 48 | April, 1024~ Do.
(Central Park April, 1927.
Observatory.)

(7) Habana, Cuba. .| 23 09 N. | §2 21 W, 40 | March, 1925~ Do.

May, 1926.

(8) Toronto,Canada | 43 40N. |79 24 W, b U 3 I Callendar.

(9) Rothamsted, | 51 48 N. | 022 W, 128 | 19221924 ____ Do.
England.

(10) South Kensing- | 51 30 N. 010 W. 37 | 1913-1920.. . __ Do.
ton, England. o

(11) Davos Platz, | 46 48 N, 949E. | 1,600 | November, | Angstrom.
Switzerland. 1920-Octo-

ber, 1921.

(12) .-‘.11'033(i Switzer- | 46 47 N. 9 40 E. 1,860 | 1921-1925._____ Mi,; 8. L.
and.!

(13) Lindenberg, { 52 13N, | 14 07 E, 106 | 1910 ____._____ Robitzsch.
Germany.l °

(14) Stockholm, { 59 21 N, |18 4 E. 44 | July, 1922- | Angstrém.
Sweden. June, 1923.

(15) Sloutzk (Pav- | 59 41 N. [ 30 29 E. 40 | 1913-1919______ Crova-Sawinoff.
lovsk), Russia.

(1) Lounrencgo|2558S. (322E. 459 | 1915-1919.__. .. Callendar.
Marques, Port;
South Africa.
(17) Johannesburg, | 26 11 8. 28 04 E. | 1,806 | 1808-June,1910. Do.
South Africa.

1 Measurements of direct solar radiation only.

TasLE 2.—Sources of data given in Figures 1 and 2

(1) LincoLn.
KivBaLn, HErBERT H.

1916-1925. Solar and sky radia-

tion measurements. Mo. Wea. Rev., 44:178. Monthly
thereafter. Washington.

(2) MabpisoN,
KivsaLrL, HerBerr H. & MiLrer, Eric R. 1916.

The total radiation received on a horizontal surface

Mo. Wea.

1916-1925. Solar and sky radia-
Monthly

from the sun and sky at Madison, Wis.
Rev., 44:180.
Kivearr, HerserT H.
tion measurements. Mo. Wea. Rev. 44:179.
thereafter. Washington.
(38) CHicago.
Kimearr, HERBERT H.
tion measurements.

1923-1927. Solar and sky radia-
Mo. Wea. Rev. 51:533. Monthly

thereafter. Washington.
(4) MouNT WEATHER.
KimMsaLL, HerBerr H. 1914. The total radiation

received on a horizontal surface from the sun and
sky at Mount Weather, Va. Mo. Wea. Rev. 42:474.
Washington.

(5) WASHINGTON.
Kimsarn, HerBerT H. 1915-1925. The total radia-
tion received on a horizontal surface at Washington,
D. C. Mo. Wea. Rev. 43:100-111. Monthly there-
thereafter. Washington.
(6) NEwW YORK.
Kiupary, HErBert H. 1924-1927. Solar and sky radia-
tion measurements. Mo. Wea. Rev. 52:225. Monthly

thereafter. Washington.
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(7) HaBaNa.
TuEYE, CarLOs. Ms. tables.
(8) ToronToO.
Suaw, Sir Narier. 1926. Radiation in relation to
meteorology. Procés-verbaux. Deuxéme Assemblée
Générale, Union Géodésique et Géophysique Imter-
nationale, Section de météorologie, p. 94. Rome.
(9) ROTHAMSTED.
Suaw, SR Narier. 1926, Radiation in relation to
meteorology. Proces-verbaux. Deuxiéme Assemblée
Générale, Union Géodésique et Géophysique Inter-
) nationale, Section de météorologie, p. 94. Rome.
(10) SouTH KENSINGTON.
Great Britian. Meteorological Office, 1913-1920. Brit-
ish meteorological and magnetic year book, Part III
(2), Geophysical Journal. London.

(11) Davos.
Dorwno, C. 1922, Fortschritte in Strahlungmessungen.
Met. Zeit. 1922, 39:311, Tabelle 2. Braunschweig.

(12) ARrosa.

Gorz, F. W. Pavor. 1926, Das Strahlungsklima von

Arosa.  Berlin.
(13) LINDENBERG.

Rosrrzsce, M, 1920-21. Einige Ergebnisse von
Strahlungsregistrierungen, die im Jahre 1919 in
Lindenberg gewonnen wurden. Beitriige zur Physik
der freien Atmosphire. Band IX, pp. 91-98.

) Leipzig.
(14) STOCKHOLM.
NGSTROM, ANpERs. 1924, Solar and terrestrial
radiation, Qr. Jr. Roy. Meteor. Soc., 1924, 50:123,
) Table 1. London.
115) SLouTrzk (PAVLOVSK).

Russia. OBSERVATOIRE GEOPHYSIQUE CENTRAL.

1926. Bulletin de la Commission Actinométrique

permanent de l!'observatoire géophysique central.
1925, No. 1-2, 1926, No. 1. Leningrad.
KaviTin, N. N. 1925. Die Wirmesummen der

Sonnenstrahlung fiir Pavlovsk., Met. Zeit., 40:355,
Tabelle 2. Braunschweig.
(16) Lourenco MarQUEs. Provincia de Mocambique. Servicos

de Marinha. 1916-1921. Relatonio do Observatorio

Campos Rodriges em Lourenco Marques. Anno de
1915-1919. Lourenco Marcques.
(17) JOHANNESBURG.
TraNsvasL. MEeTeOROLOGICAL DEP’T. 1907-1910.
Annual Reports, Transvaal Observatory. Pretoria.

In Figure 1 the effect of latitude is shown by a compari-
son of the curves for Madison and Toronto with that for
Habuna, and the effect of altitude from a comparison of
curves for Washington and Mount Weather. The curves
for Chicago and New York show the screening effect of
city smoke, especially during the cold months. The in-
struments in use at these American stations, except that
for Toronto, have been standardized at the United
States Wenther Bureau by the method illustrated in the
MonraLy Weataer REviEW for May, 1923, 51: 242,

Since Figure 2 contains curves for stations in both the
nortliern and southern hemispheres, in order to synchro-
nize corresponding seasons of the year it is necessary to
follow & different sequence of months for the two hemis-
pheves, as shown, While we have no assurance that the
mstruments of different tvpes in use at the different
stations (see Table 1) record solar energy on precisely
the s.me scele, the curves are generally in good accord.
Thus, while Stoekholm is farther north than the stations
on the British Isles, it undoubtedly has clearer skies;
thereiore, the murked similarity between the curves for
Stockholm, South Kensington, and Rothamsted is not
surprising.  The curves for Johannesburg and Lourenco
Mzrques are in good agreement with that for Habana,
but there is not the difference between the first two
named that the difference in their elevations would lead
us to expect. On the other hand, the curve for Davos
Platz is so high as to indicate unusually clear skies.
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For Sloutzk (Pavlovsk), Russia, two curves are given.
One includes direct solar radiation only, the other both
direct solar and diffuse sky radiation. The curves for
Arosa end Lindenberg include only the direct solar rodia-
tion, that for Arosa vs received upon o horizont:l surface,
and that for Lindenberg us received on w surfsce .t right
angles to the incident solar rays.

A comparison of the two curves {or Sloutzk, and also
that for Arosa with the curve for near-by l)..vos_, indi-
cates the very consideruble part of the total soler thermal
energy that is received diffusely from the sky, vmounting
in many months to 50 per cent. On the other hund, the
curve for Lindenberg shows mnesrly ss much ecnergy
received from the sun on a surfsce normal to its reys as
the total energy received on & horizontal surfrce from the
sun and sky at Davos, which is at a lower lotitude ond
higher altitude.

For Stockholm Angstréom (1) ? found the ratios given
in Table 3 between the total radiation and the sk v radia-
tion received on a horizontal surface.

TasLe 3.—Ralio of sky radiation to the total radiation at Stockholm,
expressed as a percentage—J uly, 1922-June, 1923

Jan. (Feb. | Mar.

Month Apr. |May|June{July|Aug.| Sept. | Oct.|Nov. | Dee,

Percent_________ T 42

From a summary published by me in the MonTHLY
WearaEr REview for October, 1924, 52: 475, Table i,
the relations given in Table 4 are found.

TasLE 4.—Ratio of the sky radiation to the tolal radiation, as re-
cetved on a horizontal surface with a cloudless sky, expressed as a
percentage

Solar zenith distance

Station ‘ 0 ‘
7.5° ‘25“‘30" 48. 3°| 55° | 60° [66. 5°70. 7°\73. 6°/75. 70, T7. 478. 7 "°

L —
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Washjngton, D. C.:
Winter. ..
Spring_ _ .
Summer .
Year...

Lincoln. -

Madison. ..

Flint Island..

Hump Mount:

Mount Whitney _

Mount Wilson '__.__ R

[
<&

sl

RN
Lo |

1 Measurements made in 1913.

f&nﬂshbm (1) heas found that the total radiation income
Qs during the day muy be expressed by the formula
Qs=0, (0.25+0. 75b), where @), 1s the radintion income
which corresponds to a cloudless sky, and 8 is the dura-
tion of sunshine expressed as a percentage of the possible
duration. My own (2) studies of measurenients made
at Washington, Madison, and Lincoln give for this equa-
tion (=0, (0.22+0.789).

The only difference between these two equations is in
the term that represents the percentage of clear-sky
radiation that penetrates a continuous cloud layer.

The average annual amounts of solar thermal energy
received on a horizontal surface at the different stations
is given in Table 5.

: The hold-face figures in parentheses refer to references at the enq of the paper.
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F1a. 1.—Annual march of daily totals of radiation received on a horizontal surface directly from the sun and diffusely from the sky (Western Hemisphere)

TaBLE 5.—Average annual amounts of solar thermal energy received  INTENSITY OF SOLAR RADIATION AT NORMAL INCIDENCE
on a square dekameter of horizontal surface ‘

Measurements of the intensity of solar radiation at

- N normal incidence, (2) above, are usually made only when

Stations Kllowatt- Stations Kllowat  the sun is unobscured by clouds. They may be used to

determine the total heat energy received directly.from

HEbaDA . oo 184,485 || Lourcnco Marques........... 9,462 the sun with the sky cloudless, on either a horizental

Moot Weather 1| 14 || DevsrBag e o] by surface, a surface normal to the incident rays, or a ver-

Washington. ... | He S| Rotbamsted oo oo tical or sloping surface facing in any desired direction (3),

Toronte. 11" 1 106450 || Stockhom oo, ot sz (4). However, such determinations have not the mete-

R o 95856 | Sloutzk oo 0.2  orological significance that attaches to continuous records
' under all sorts of weather conditions. :
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F1G. 2.—Annual march of daily totals of radiation (Eastern Hemisphere)

In this paper these measurements will be used in con- transmission of solar radiation, or its complement,
junction with the mean value of the solar constant, as  atmospheric depletion.
determined by the Astrophysical Observatory of the Table 6 gives a list of stations at which pyrheliometric
Smithsonian Institution, in a study of the atmospheric measurements of the intensity of solar radiation have
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been made, the length of the period of observation at
each station, and the kind of instrument employed.
For this latter the following abbreviations have been
employed:

A = Angstrém electrical compensation pyrheliometer.

A. P. O.= Astrophysical Observatory copper box pyrhe-
liometer.

Ma. =Marvin electrical resistance pyrheliometer.

Mi. =Michelson bimetallic pyrheliometer.

S. I. =Smithsonian silver-disk pyrheliometer.

M. G.=Gorczyfiski pyrheliometer employing a Moll
thermopile.

Table 7 summarizes the pyrheliometric measurements
made at the various stations. In this table the following
abbreviations have been employed:

m=the air mass=the length of the path of the solar
rays in the earth’s atmosphere, the length with zenithal
sun being unity.

Ap=the solar thermal energy after passing through
air mass m.

A,=the solar thermal energy after having passed
through air mass m=2.

a=atmospheric transmission coefficient.

a,_,= atmospheric transmission coefficient determined
from solar thermal energy mesasurements made with
the sun in the zenith, m=1, and also with m=2; or,
a1_2=%2- Likewise, a2_3=§—3, and &o_1=%’ where A,,
1 2 0
the solar constant, is assumed to be 1.937 gram-calories
per minute per square centimeter, and the value of A,
has been reduced to that for the mean distance between
the sun and the earth. In general, the subscripts to ‘‘a”
indicate the range of values of A upon which the value of
““a’ is based.

In Table 7 the values of A, are usually the means of
pyrheliometric readings made near noon, and the corres-
ponding values of m have been computed from the
zenith distance of the sun at noon on the middle day of
the month, as derived from the latitude of the place
and the solar declination.

The value of A; given in the table, and the values of
A;, and A; which enter into the determination of the
values of a5, 8;-2, and a,_3, have been obtained by inter-
polation or extrapolation from measured values. In
winter, except in the Tropics, the extrapolated values of
A, are subject to considerable error.

In many cases it has been necessary for the writer to
plot logerithms of original pyrheliometric readings
against air mass to obtain the desired value of A. In
the case of values for Cordoba, Lia Quiaca, and La Con-
fanza in Argentina, this was not possible, as the original
readings are not accessible to me. I have therefore made
use of the published values of A; and “‘a,”” and from
these have computed A,.

Values of A in the table are expressed in gram-calories
per minute per square centimeter of normal surface.
They have not been reduced to mean distance between
the earth and sun.

The A. P. O,, the S. 1., and the Ma. pyrheliometers
have been intercompared to permit of bringing their
readings into conformity with the Smithsonian pyrhe-
liometric scale of 1913 (5). The Mi. pyrheliometer is a
secondary intrument that is standardized by comparison

with a standard instrument, most frequently the Ang-
strom. It has been shown (6) that the ratio

Smithsonian scale

=1.0325,
Angstrﬁm scale
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approximately. Therefore, in compiling Table 7, when-
ever it seemed reasonably certain that radiation inten-
sities had been recorded on the Angstrém scale they have
been multiplied by 1.0325 to reduce them to the Smith~
sonian scale. That such reduction has been meade is
indicated by a reference to an appropriate footnote at
the end of Table 6.

This reduction has been made for the purpose of bring-
ing the intensities into accord with the scale on which
Smithsonian solar constant values are expressed in so
far as this is possible.

TaBLE 6.—Ltst of pyrheliometric staitions

Station Latitude | Longitude 3}& Period Instrument
° rle ! | Meters
(1) Abisko, Sweden___| 68 2I N. | 18 49 E, 390 | July 2-Sept.13,
1913; July1-
Aug. 21,1914, | &1
(2) Agra, Switzerland.| 45 48 N. 9 00 E. 550 | October, 1922- | Mi.
September,
1923.
(3) Algdu  (Riezlern),| 47 22 N, [1010E. | 1,150 | May, 1922- | Mi,, 8. L
Austria. May, 1924,
(4) Apia, Samoa_____. 13 48S. (171 46 W, 2] 1925-1927______ M. G.
(5) Arequipa, Peru___.| 16 22 8. | 63 05 W. | 2,451 | August, 1912- | S. L.
March, 1915.
(6) Arosa, Switzer- | 46 17 N. 940 E. [ 1,80 | October, 1921- { §.1., Mi.
and. Mourch, 1925.
(7) Bangkok, Siam._.| 13 4 N. |100 30 E. 10 | May 5-21,1923 | MI.1
(8) Bassour, Algeria_.| 36 13 N. 252E. {1,180 | August-No- | A. P.O.
vember, 1911,
(9) Batavia, Java____.| 6 11 S. |[106 50 E. 8 | 1915 and 1917~ | 8. 1. and Mi.
109,
(10) Calama,Chili (Mt. | 22 28 S. 68 56 W, | 2,250 | July, 1918- | 8.1.
Montezuma), July, 1920.
22 38 8. 68 56 W, | 2,700 | August, 1920- | S.1.
April 1926,
(11) Cape Horn, Chijli.| 5531 S. {7025 W. 12 | September, | Pouillet.
1882 ~ Sep-
tember, 1383,
(12) Cheyenne, Wyo.._| 41 08 N, |104 48 W, | 1,85 | August 29~ | 8.1.
September
3, 1010,
(13) Cordoba, Argen- | 31 258. 64 12 W, 438 | February, | 8.1
tina. 1912-June,
15, N
(14) Corleto, Italy..___) 44 36 N. | 10 51 E. 53} Agust-Sep-| Al
tember, 1898,
(15) Davos, Switzer -| 46 48 N. 949 E. | 1,600 1912-]918 (re- A and Mi.
land. duccd to S. 1.
scale, 1913),
(16) Ellijay, N. C______ 3511 N. | 8515W. 683 | May 8-13,1916 | S. L.
(17) Eskdalemuir, | 55 19 N, 312w, 244 | 19001921, ___ L.l
Scotland. o
(18) Etna, Mount |[3745N. [1500E, 2,950 | Aug. 18-23, | At
(Casa Cantoniera) 1,885 1908,
(19) Feldberg, Ger- | 47 52 N. 802 E, | 1,300 | Oct. 19, 1921- | Mi,,S.1.
many. March, 1925,
(20) Flagstafl, Ariz____. 35 12 N, 11137 W, | 2,105 Sel%tb 25-30, | 8.1.
10.
(21) Flint Island.____.__ 10058, (156210 W. |.__.._. Deec. 29, 1807__| 8.1,
(22) Florence, Italy._._ [ 43 46 N. (11 13 E, 73 | June, 1915- A.l
December,
1917,
(23) Frankfort on the | 50 07 N. 8 38 E. 820 | July, 1919- | Mit
Main, Germany. March, 1922.
(24) Fresno, Calif. _.___ 36 43 N. |11949 W, 110 | Mar., 14,1920.. § L
(25) Fuji, Japan.________ 3522N. |138 44 E. | 3,726 | July 29, 1909__ é.l
(26) Gornergrat,| 4559 N. | 747 E. | 3,136 | June 25-July | Al
- Switzerland. 12, 1903.
(27) Hald, Denmark___{ 56 23 N. 919E, 78 | 1902-1903. .. ._ é.l
(28) Helwan (Cairo), | 29 52 N. | 31 20 E. 116 | February, [ At
Egypt. 1914-De-
cember, 1923
(29) Hump Mountain, | 36 08 N. | 8200 W. [ 1,500 | June, 1917- | 8.1,
N. C. March, 1918.
(30) Innsbruck, Aus- |47 16 N. |11 23 E, 580 (January- A
tria. June, 1908.
(31) Johannesburg, |26 11S. |28 04 E. | 1,806 | April, 1907- | A1
South Africa, June, 1911.
(32) Jungfraujoch, |46 32 N. | 7 88 E. | 3,457 | Sept. 23-Oct. | &, Mi.
Switzerland. 3, 1923.
(33) Karlsruhe, Ger- (4901 N. | 8 25 E. 128 | Sept. 6, 1921- | Mi., 8. 1.
many. Mar, 31, 1025,
(34) Katharinenburg, | 56 50 N. | 60 39 E. 200 | 1896-1898______ Chwolson.
ussia. N
(35) Kew Observatory, | 51 28 N. 018W. 6 | 1811-1921___._. Al
ngland.
(36) Kief, Russia_.__... 5024N. | 30 28E. 183 | 1888 . ___.. Crova.
(37) Kolberg, Germany.| 5¢ 11 N. | 15 33 E. 2 A%rixl'i'l 11991145— A. Mit
pri, .
(38) La Confianza, | 22088. | 6545 W, | 4,483 | August-Sep- | 8. 1.
Argentina, tember, 1913.
(30) La Jolla, Calif__.__ 3250N. |117 15 W. 30 | Mar. 24, 1920_| 8. 1.
(40) La Quiaca, Argen- | 22 08 8. 6545 W. | 3,492 | September, | 8. 1.
tina. 1912-Octo-
ber, 1913.

{ Radiation intensities as recorded have been reduced to the 8mithsonian pyrhelio-
metric acale of 1913 by multiplying by 1,0325.
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TaBLE 6.—Lisl of pyrheliomelric stations—Continued

Station Latitude | Longitude ﬁéie' Period Instrument Station Latitude ‘Long‘itude tﬁé'e Period Instrument
o ’ -] ’ Me- Me- .
- . ’ ters: ° r|e ’ ters
(41) Laus]ange, Swit- | 46 31 N. 6 38 E. 515 | 1896-1902______ Crova. (67) Potsdam, Ger-|[5223N. |13 04 E. 108 Mg:ch, 1307— Mi, A, 8.1 -
zerlan many. ) ecember .
(42) Leningrad (St. | 59 56 N. | 30 15 E. 5| 1895-1904______ Chwolson. : 1915. ’
1I;ettzrsburg). (68) Red Bluff, Calif-._| 40 10 N. 122 15 W 110 Ma;b 23-25, | 8. 1.
. ussia. 1920.
(43) Lincoln, Nebr_.... 4050N. |9641W. | 373 Jli)lgc,egbls— Ma. (69) St. Blasien, Ger- | 47 46 N. | S 08 E. 790 Juff hlfsga Mi, 8. L
’ 4 er, many. arch, 1920; .
1025, 1921-1925.
(44) Lmdenberg. Ger- [ 52 13N, | 14 07 E. 106 | 1019 .. .. ___ Mg_.tan!;i Ro- (70) Santa Fe, N. Mex_| 35 41 N. 105 57 W. | 2,138 Segtoemobir, Ma.
any. itzsch. 1910; cto-
(45) Madnsou, Wis.._.. 4305N. {89 23 W. 297 Juﬁy, 19b10- Ma. ber, 1012-
ecember March, 1922
) ) 1025, . Twin Moun- | 35 39 N. {105 55 W. | 2,438 | Oct. 25, 1912.__| 5. L.
(46) Madrid, Spain__.__ 40 24 N. 341 E. 655 | September, | At tain.
191tol—912\4u- Lake Peak_.._| 35 48 N. (105 45 W. | 3,720 | Oct. 29, 1912.__| 8. I.
as . .
(47) Medford, Oregon._| 42 20 N. 122 40 W. | 468 | Mar. 2-Apr. | 8.1 (71) Sestola, Ttaly._._.. 4415N. |1046E. | 1,002 |7 t;le.vm— S:?- X and violle.t
5, 1920, . Cotem ,
(48) Modena, Italy_.__.| 44 39 N. | 10 56 E. 51 | March—No- | .1 1899; July-
vember August,
< July- 1000; July-
1900; July R)
September, ._e;‘ptember.
g";; Janu- (72) Simla, India...__.. 3LO7N. | 77 08 E. | 2,204 | October, 1000- i
June, 1903. ecember,
y tino- 915,
(49) MFﬂgn;?lanc, 45 49N. | 6 52E. | 4,810 Alslgxl)ltsetmzliaglfl, Clé(:_\;;h.actmo (73) Sineroe, Java....... 809S. |12 55E. | 3,670 | Apr. 30:&1915’ Mit
1904. an ug-
' 7 ' 25, 1918. .
(0 Monty Clmones | 44 12N. | 1042E. | 2,165 August, 1800\ Vielleand A4 vy gonnptick, Austria | 47 03 N. | 12 56 E. | 3,106 | Juns 1ocTuly | A
. - BeD. 17, 1902.
i (75) Tashkent, Russia..| 41 20N. | 60 1SE. | ______ Jan mary - | Mi
ZAu. April, 1626
gllllslty 13015; Tel-nfrit(fje, Canary bt
_ M slands: Y
ey Sep. (76)  Piede Teyde..| 28 12N. |16 43 W. | 3,683 | Junpe 2527, | At
CAu- R 1896. N
et ook @) AltaVista..._| 98 12N | 16 42 W. | 3,252 | Jume 21-July | A
v— AU , 1896.
;:‘s‘t”w‘.?‘s“ (78) Tzana._.__.... WION. (1630 W. (2,367 |'A prig - Dge -| 8.1
Y - 1 cember, 1916
(51) Monte Rosa, Italy.| 45 55 N. | 7 56 E. | 4,560 Avgust, ?50%, i 9  Cefadas...... B IBN. 1636 W. | 2,100 | MoT 1932 e
1006, 1907. . N Juge, 1915. | o
(52) Montpellier, France_| 43 36 N. | 8 53 E. 43 | 1883-1900_.._.. Crova. 80) Guimar___....| 28 ISN. | 16 28 W. 360 | July 2-3, 1806.| A.!
(53) Moscow, Russia___| 55 45 N. | 37 34 E. | 156 | May-August, | Michels on ESI) Théodosie, Russia-| 45 02N. |35 24 E. | ____.. J a;}) pary, Mi.
1921, compare = 4
) 1926.
with g i
£ C R (82) Tjisoeroepan, Java| 6 50 8. (109 30 E. | 1,200 | July, 1918 ____ Mi.!
@ M}?gfa onalral:lod (83) Trapp, Va..._..... IDMN. |77 52W, 220 | Aug. g&—Sept. A.P.O
§E§.§§§“ Carpa- . (84) Treurenberg, [ 79 55N. | 16 52 E. 9| September, | A1
Worchta__._._{48 18N. |24 34 E. | 770 | August, 1924 | %, 8. I. Spitzbergen. }?3; ﬁ;%ﬁﬂ'
Jablonica..___. 48 19N. [24 20E. 530 ----- do.......| A, f L (85) Upsala, Sweden___{ 50 51 N. | 17 32 E. 40 | 1901, . At
N 1,872 bcgotgember. A8 L (86) Ursanova, Poland.| 52 02 N. | 21 00 E. 100 Julu&August, A
Poiytewska_ .| 48 10N. | 24 33 E. 2 . . .
¥ 1,406 J“‘g‘_,;{““g““ A, Mi, 8.1 (87) Wahnsdorf, Ger- |51 07N. | 1341E. | 260 Al}\gust.tl%z—s Mi.
2 many. Ugust, o
Ch,o n.nak """ 48 22N. [2830E. | 1,54 | Avgust, 1924..| A, S. L. (38) Warsaw, Poland. | 52 15N. | 21 02 E, 120 | 1910-1918______ A and others.!
Potyiewska | 48 09N. | 24 32 E. | 1,882 R 8. L (%9) Washington, D.C_| 38 56 N. | 77 05 W. 127 | October, 1014- | Ma.
Howerla..____. 4810N. |24 30E. | 2058 X, Mi, 8.1 December,
(55) Mount Weather, | 39 04 N. | 77 53 W. | 540 | September, | Ma. : 1925. o
Va. lQOg;S%p4- (90) Zakopane, Austria_| 49 18 N 19 58 E 899 Alggusht—Sep:; Al
fember, 1914. ember, 1903.
(56) Mount, Whitney, | 38 35 N. 118 17 W. | 4,420 August, ’1308, A.P.O. MISCELLANEOUS ’
‘alif. September
190%. Sep- (81) Atlantic Ocean.___[38 N. [0 w. Mar. 8, 1923.__| Mi.!
tember, 1910. (92) Mediterranean Sea| 36 N. | A0 E. Mar. 13, 1923__ Mi.t
7 Mg‘;f't Wilson, | 34 13 N. [118 04 W. | 1,737 | 1805-1920_..___ A.P.O. gi g gi }1:; ‘:ug' 5, %ggg 11&1:
o z . . Aug. 7,1923___ i,
(58) Naples, Italy...._. 4052N. {1415E. 1490 | December, | Al 38 N. 116 E. Aug. 9, 1023_ 0| Mix
1913-Janu- 593) %ue&z Canal._______ ‘ é‘; § Sg E I&ar. }g. 11325%' %{1:
ary, 1915, o 94) Red Sea__ .. ______ b 22 . 3R . Mar. 20, 1923} Mi.
(59) Nxf]{m-onchedaeﬁ 48 38N. |27 40E. 197 | 191291914 ____ Al f1»§ g 4g E July 31, 19231 Miat
. 2 .3 of 23 ___ .
(60) Numsazu, Japan...| 35 06 N. (138 51 E. 10 | July 29, 1909___| A (95) Gulf of Aden._.___ i? Iz:; 14 E Mar. 24, 1935. M'.l
- ¥ 1 .| 47 3. uly 28, 1923__ i.
(61) Nykdping, Swe-| 588 45N. |17 0L E. 18 | March, 1918~ A1 (96) Tndian Ocean 0 N |t E Mar, 28,1925 Mil
den May, 1919 :
" s : . |4 N. |6 E. July 22, 1923__| Mi.t
(62) Pangerango,Jnva-. .8 508. [108 50 E. |3, 030 Jullgis- JJully Mi.l 97) Gulfof Siam______| 3 N. [101 L. Apr. 10, 1923} Mi.l
i July- - -
ﬁ)lltl)g us {' OBSERVATIONS FROM I
(63) Pzﬁs gParc St. |48 49N. | 2 20 E. 50 | 1007-1923.___._ A BALLOONS |
Franoee. Y 1y | I n W s r S Nt -
(64) Pa}\{lovsk (Sloutzk,] 50 41 N. | 30 20 E. 0 Segg‘?%beh Crova - Sawi- (9%) Omaha, Nebr_____ ‘ 4U 1A N, | 25 56 W. 122,000 | July 11, 1914__ b.infg register
ssia 2 - i. .
ussla) T ajocem|  moff, Mi @) Grieshoim,  Ger- | 51 07N. | 841E. | 7,505 | Oct. 10,1913 A
uar:,;i 1325— " many. |
April, 1926. -
(65) Phoenix, Arfz_____ 3328 N. (11200 W. | 350 | Oct. 3-8 1910.| 8.1
(66) Pomeona, Calif___._ 34 03N. |117 45 W. 265 | Feb. 26-28, [ S. 1 ! Radiation intensities as recorded have been reduced to the Smithsonian pyrhelio-
’ 1920. : metric geale of 1913 by multiplying by 1.0325.
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TaBLE 7.—Monthly means of solar radiation and atmospheric TasLe 7.—Monthly means of solar radiation and atmospheric

transmaission transrmsswn——Contlnued
Stations Jan, |Feb. |[Mar.| Apr.| May|June| July | Aug.| Sept. | Oct. |Nov.| Dec. Stations Jan. | Feb.|Mar.| Apr.;May|June July |Aug.| Sept.| Oct. {Nov.| Dec.
|— J— —
La Conflanza (38): Trapp, Va. (83):
As 169 oo Az
. 928
. 899
Elll}ay,
1.51 . ¥ PSP [P SO AU FOT ) 15 T RPN ROSRPUES SPRURNE SNSRI SV PR PN
. 908 ay.2. .
832 80-1
Tenenﬁ :

Pic de Teyde
7

)._

Mount Mon-
tezuma:
1.48 11,47 [1.47 | 1.49 |1.51 [1. 51 [1.49

200

.859| .862] .855 .857| .857 .846) .832

BZTR R 2N

l-._

Madison, W
A

1.48

‘702 .6786] . .52 (1.

~921] . 931 . 005| .805] .881| .580; . 888 . .908] .917) .
.830| . 837] . 844| .827] .808| .805 . 795| . -815) . 810| . 802
0.79 (0. 85 0.90 [0.91 [0.86 [0.85 |. 036 [0.88 | 0.86 |0.86 [0.82

80-1- - .---
.17 10.99 . . . . Lausanne (41):
833 .788| . 775| . . . .8191 . 868! . 860 .. .
V774! 675!, 73 . 7070 . 734 755 o RN 12,59 11, . . . . .76 12.36 |2.87
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TABLE 7.—Monthly means of solar radiation and atmospheric
transmission—Continued

Statlons Jan, | Feb.|Mar.[Apr)|May! Jupe| July|Aug.| Sept. | Oct. [Nov.| Dec.

Sonnblick (Alta
Viim) (74):

ankrort on the
Mxm (23

1742 .7

.06 11,06 [1.06 |1.13 | 1.13 |1.24 |1.22 11.32
(814} (794 .814| .835| .870] .S28] (009 . 896
L739| . T14) . 699] . T19| .704| .764| .656) . 740

Mean for the year, 0.96
Mean for the year, 0.688

1.08 11.15 ;1,04 |1.14 11.21 | 1.25 |1.32 |1.34 |1.32
.8560( . 839( .829| 871 . 864} .881) .FG0| .902 .8%6
.702! . 718| .688' .720) .762) .746| .758 .752| .735

1.01 {0.98 10.95 0.87 10.85 | 1.02 0.95 |0.98 !1.00
.802] . 779 .811| .775| .755| .775| .852| . &38| .850
.866| . 697 .672] .637 .598| .709| .584;  590,.....

1.16 |1.25 [1.23 |1.28 |1.21
1.43 |1.24 |1.18 |1.20 [1.33

-
2
~
=
—
=)

wo
©
&
S
®
1

Kew Observatory

(35):

Am. . . . . .04 11.08 11,
_ . . BURINERN

.10
.19

.01

786 . s
L6877

Mount Czarnohora
Worchm—-
As

1 December and January combined,

TasLe 7.—Monthly means of solar radiation and atmospheric
transmission—Continued

Stations Jan.|Feb. Mar.] Apr.|May|June|July |Aug.| Bept. | Oct. [Nov.| Dec.
___;_. —_—
Katharinenburg
1.40 |1.41 |1.37 |1.26 [1.26 {1.33 | 1.27
Moo _13. 1.96 |1.46 (1.25 [1.20 }1.22 (1.37 | L.71
Am=(245) _____|..___ 1.41 {1.33 '1.25 {1.13 [1.03 (0.99 1.11 | .17
Kief (36): \
A 2. 38 T 1.32 |1.22 .. __. 1.27 1 1.25
.68 1 1,18 (112 .. . 1.31 | 1.47
33‘135135131 1.26  1.27
1.44 | 1.82

0.9S 10.99 0. 03 (0.86 { 0.89 10.79 (1,05 (1.08
. L8506 .825 (798 .790 L8711 88| .702( .727
6| . 663| L 6OT) L T11 L 677] (636 L 704) . 643| .630| .600| .711) .714

1.41 |1.50 ;
L 860; 891 .8

a2-3- - -
L5740 019) U876

80-1 - -
Hmeroe (73):
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TABLE 7.—Monthly means of solar radiation and atmospheric
transmission—Continued

OBESERVATIONS AT SEA

|
Stations Jan. Feb.‘Max. Apr. May|June| July] Aug.| Sept. | Oct. {Nov.| Dec.
Atlantic Ocean (91): '
e Is: s A1 S NN NS I SN AU I S
_________________________ ) 1S . T NOUR ROUOPRNS FPRPIS (RSN RSN SRS S [P P
Medxterranean 92):
[P S F 42 [ |eiaol. ) 5 1 T USSR PRI
e PN I S L28 || LO06 | |oo|eo ]
Suez Canal (93) ‘
P m _______________________ ) VS~ RN USRI FIPRVRVIR) FRPUPROIN (SR FRPRORIN ISR SUPRP
_______________________ P O R T R IR SN SIPUPIV AP FPUPR SRR MR
Rcd Sea (94):
Am __________________ JRSRNN b W~ B I PR F L2112y (oo oot
________________________ LO9 (e |- OO 00 ||
Gulf of Aden (95):
m __________________ JEOLA U 3 W SRR RPN | 0 U T EUSEU FU RPREN SRR SRS
_________________________ LO03 ||| 02 - el
Indlan Ocean (96):
m _______________________ L4l f L2} L
_________________________ 101 (e 04 |
Gulfor Siam (97):
. VU RPN ST FOU ) 18- 2% IS (AU RN PIPUIO VIS SRS AP RO
mo ' _____ T N M At i e S
1
Nov.-Feb. lgg;;t"‘})%‘;' May-Aug. Dec

MEASUREMENTS FROM BALLOONS

Jan. | Feb./Mar. Apr.’May June| July| Aug.| Sept. | Oct. |Nov,

Deec.
Omaha (99):
A ___________________________________________ L78 | oo L
_____________________________________________ ) 5 0 R (RS DR PP B
Gneﬂhelm (99)
7. ¢ PR SV PRI SV PPN SII FPUPI PRNPI P NI L72 | ...
14 FNSESIORRRURSOUURPRRN PRUUY SAPUUVIVR) FRSRPROUSY (RPUSUUyRY DUNPUPRY (PRSI P (RRRRD DR 2.04 ... ‘ _____

TaBLe 8.—Sources of pyrheliometric data
ABISKO.

LinpmoiuM, F. 1919. Sur Vinsolation dans la Sudde sep-
tentrionale. Kungl. Svenska Vetenskapsakad. Handlin-
gar Bd. 60, No. 2., Stockholm.

Funke, A. 1921. Mesures de la radiation solaire 4 Abisko
pendant 1'été 1914. Meddelanden frdn Stat. Met. Hy-
drog. Anstalt. Bd. 1, No. 3. Nyképing.

AGRra.

Strring, R. 1924.

Agra (Tessin).
ALGAU (RIEZLERN).

Strahlungsklimatische Untersuchungen in
Met. Zeit. 41: 325. Braunschweig.

HoeLreEr, OTtro. 1924. Strahlungsmessungen in Algiu.
Met. Zeit., 41: 346. Braunschweig.
AP1A.
Tuomson, ANDREW. 1927. Ms. tables.
AREQUIPA.
Assor, C. G. 1816. Arequipa pyrheliometry. Smithso-
nian miscellaneous collections, v. 65, No. 9. Washington.
ARosa.
Gorz, F. W. PAUL 1926. Das Strahlungsklima von Arosa.
Berlin.
BANGKOK.
GorezySskr, Lapisuavs. 1923. Report from the Polish

actinometric expedition to Siam and the equatorial region.

Bulletin Météorologique, Institut Central Météorologique

A Varsovie, pp. 90-92. Warsaw.
Bassour.

Assor, C. G. & orHERs. 1913.
servatory, Smithsonian Institution,
ington.

BaTaAvia.

Suaw, Sir Narier. 1926. Radiation in relation to meteor-
ology. Union Géod. et Géoph. Int. Section de Météor-
ologie. Procés-verbaux, Deuxiéme Assemblée Générale,
Madrid, 1924, p. 114. Rome.

Annals Astrophysical Ob-
III: 96-98. Wash-
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CALAMA.

Assor, C. G., & oraErs. 1922, Annals Astrophysical Ob-

servatory, Smithsonian Institution, IV: 118-127. Wash-
ington.
Mount Montezuma.
Appor, C. G. 1926, Montezuma pyrheliometry. Mo.

Wea. Rev., Supplement No. 27.

CaprE Horn.
International Polar Expedition, 1882-1883,
Observations des radiations solaires.
du Cap Horn, 18582-1883. Tome 2.
partie, s. 59-73. Paris.
CHEYENNE.
KimBaLr, HerBert H. 1919. Variations in the total and
luminous solar radiation with geographical position in the
Tnited States. Mo. Wea. Rev., 47: 776. Washington.
CoRrpDOBA.
Bicevow, F. H. 1914. Bulletins of the Argentine Meteoro-
logical Office, No. 4, pp. 137-140. Buenos Aires.
CoRLETO.
Cuistoni, Ciro. 1903. Misure pireliometriche eseguite a
Corleto nell’ estate del 1898. Rend. Acc. Lincei, ser. 5,
v. 12, 1 sem., p. 53-57. Rome.
Davos.
Dorno, C. 1919. Himmelshelligkeit, Himmelspolarisation,
Sonnenintensitit in Davos, 1911-1918. Veroff. des Preuss.
Met. Inst., No. 303. Abh. Band VI. Table 60. -Braun-
schweig.
Eurisay.
KimBarr, HErBerT H. 1919. Variations in the total and
luminous solar radiation with geographical position in

Washington.

(France.) 1885.
Misgsion scientifique
Météorologie. Seconde

the United States. Mo. Wea. Rev., Nov. 47: 775. Wash-
ington,
ESKDALEMUIR.

GrEAT BrIiTAIN, METEOROLOGICAL OFFICE. 1909-10. An-

nual report, Observatory department, National Physlcal
Laboratory. Report of Sup't Eskdalemuir Obs'y, Ap-
pendix II, Table 5. London.

GREAT Bm'mm, MeTEOROLOGICAL  QFrFICE. 1911-1922,
British Met’l and Magnetic Year Book, Part III, section 2.

The Geophysical Journal. London.
Erna (MounT).
BeuL1a, C. 1908. Risuitati delle misure pireliometriche

eseguite sull’ Etna a 1,885 m. e 2,950 m. di altezza. Mem.
Soc. spettr. ital., v. 37, p. 200-207, Catania.
FELDBERG.
PEPPLER, ALBERT & WiILHELM.' 1925, Beitrige zum Strah-

lungsklima Badens (1 Teil). Veroffentl. d. Bad. Landes-

wetterwarte Nr. 7. Karlsruhe.
FLAGSTAFF.
Kivearr, HErBerT H. 1911, Some causes of variation in

the polarization of skylight. Jr. Franklin Institute. 171:
333-344. Philadelphia. (See also Mo. Wea. Rev., Nov.,
1919, 47: 776.)

FrLiNnT ISLAND.

ABBor, C. G. & oruERrs. 1913. Annals Astrophysical Ob-
servatory, III, 141-143. Washington.
FLORENCE.
Avrani, P. Guino, D. S. P. 1917. Letture pireliometriche.

Pub. dell' Osservatorio Ximeniano dei PP. Scalopl,Flrenze
No. 123 and 125. Florence.
FRANKFORT ON THE MaIn.

LiNngE, Franz. 1922. Normalwerte der Sonnenstrahlung
am Taunus-Observatorium. Met. Zeit.,, 39:392. Braun-
schweig.

FrEesno.

KimBarl, HegBErT H.
the Pacific Coast States.
ington.

Fus1t aND Numazu.

Oxapa, T. & YosHipa, Y.
tions at the summit and at the base of Mount Fuji.
Central Meteorological Observatory, Japan, No. 3.

GORNERGRAT.

ScHEINER, J. 1908. TUntersuchungen iiber die Solarkon-
stante und die Temperatur der Sonnenphotosphare. Publi-
kationen des Astrophysikalischen Observatoriums zu Pots-
dam. No. 55, 18. Band. 3d. Stiick. Potsdam.

Havp.

HouMm, RagNaR & JanssoN, MarTIN. 1804, Mesures
actinométriques. In Travaux de la station Franco-
Scandinave de sondages aériens & Hald 1902-1903. p. 30-
38. Viborg.

1920. Solar radiation intensity in
Mo. Wea. Rev., 48:359. Wash-

1910. Pyrheliometric observa-
Bull.
Tokio.
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HEeLwan.

Smeaw, Knox. Ms. tables.

Hump MOUNTAIN.

Assor, C. G. & oraers. 1922. Annals of the Astrophvsmal
Observatory, Smithsonian Institution, IV:116-117. - Wash-
ington.

INNSBRUCK.

MyRrBACH-REEINFELD, DR. OTro. 1910. Uber die Abhingig-
keit des Transmissionskoeffizienten der Atmosphire fir die
Sonnenstrahlung von Feuchtigkeit, Luftdruck und Wetter-
lage in Innsbruck. Sitz. ber. Ak. Wien. Mathem.-naturw.
Klasse; 119:419-435. Vienna.

JOHANNESBURG.

Transvaal, Meteorological Dep’t. 1907-10. Annual reports.
Pretoria; Union Astronomer, July, 1910-June, 1911, Ms.
tables.

JUNGFRAUJOCH.

SteIN, M. Epwarp., 1924, Mesures de la radiation solaire

a Jungfra.u)och Comptes Rendus. 178:513, Paris.

KARLSRUHE.
PeEPPLER, ALBERT & WILHELM. 1925, Beitrige zum Strah-
Veroffentlichungen der Badl.

lungsklima Badens (1 Teil).

1924,

Landeswetterwarte Nr. 7. IKarlsruhe.
KATHARINENBURG.
MuULLER, P. 1900. Aktinometer-Beobachtungen im Obser-

Bull. Acad. sci. St. Peters-
St. Petersburg.

vatorium zu Katharinenburg.
burg 1899, Tome XI, p. 61-78.
Kew OBSERVATORY.
GREAT BRITAIN, METEOROLOGICAL OFFICE, 1908-10. Ann.
report, Observatory Dep’'t, Nat’l thsms Lah. Report of
Sup’t Kew Observatory, Appendl‘{ II, Table 4. London.

Warson, R. E. 1923. Pyrheliometric comparisons at Kew
Observatory. Meteorological Office. Geophysical Mem-
oirs, No. 21. London.

K1er.
SaveLier, M. R. 1889. Sur la marche de la radiation solaire

a Kief pendant I'année 1888. Ann. Chim. Phys. 6. sér.

Tome 18., p. 458-462. Paris.
KOLBERG.
KiurLer, K. 1920. Strahlungs-und Helligkeitsmessungen in
Kolberg. Veroff. Preuss. Meteorologischen Instituts. Ab-
handl. Band VII. Nr. 2., Table 15, p. 14. Berlin.
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Bigerow, F. H. 1914. Bulletins of the Argentine Meteoro-
logical Office, No. 4, p. 129. Buenos Aires.

La JoLLa.

KimBaLu, HerBErT H. 1920. Solar radiation intensity in
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BigeLow, F. H. 1914. Bulletins Argentine Meteorological
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Ibid. 2 partie, p. 526-540. Geneva.
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ments.) Washington.
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1920. Solar radiation intensities in
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Kimpary, HErBerT H.
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MODENA.
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Osservatorio geofisico di Modena. Rend. Acc. Lincei.
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Cuistoni, Ciro. 1905. Risultati pireliometrici ottenuti

dall’ ottobre 1901 al 3 luglio 1902 al R. Osservatorio geo-
fisico di Modena. Rend. Ace. Lincei. Ser. 5, v. 14, 1 sem.,

560-567. Rome.
3 luglio al 21 agosto 1902. Ibid. 2 sem., p. 76-82. Rome.
1906. 22 agosto a tutto giugno 1903. Ibid. v. 15, 1 sem.,
p. 126-132. Rome.

MonT Branc.
Hawnsky, A. 1905. Observations actinométriques faites au
sommet du Mont Blanc. Comptes rendus. Tome 140,

pp. 422-425. Paris.

Ibid., pp. 10038-1010.

MonTE CIMONE,

Cuisroni, Ciro. 1903. Misure pireliometriche eseguite a
Sestola ed al Monte Cimone nell’ estate 1899. Rend. Ace.
Lineei, ser. 5, v. 12, 1 sem., p. 258-263. Rome.

Ibid. (estate 1000) v. 12, 2d. sem., pp. 625-628.

Cuisroni, Ciro. 1902 Misure pireliometriche fatte sul
Monte Cimone nell'estate del 1901. Rend. Acc. Lincei,

ser. 5, v. 11, 1 sem., pp. 539-541. Rome.

Ibid. 1906. Estate 1902 e 1903, Rend. Acc. Lincei. ser. 5. v.
15, 1 sem., pp. 208-213. Rome.

(Estate 1904 e 1905), Ibid. pp. 276--281.

MonTE Rosa.

Avressanpri, C. 1908,
Mem. Soc. spettr.
Catania.

AvessaNDpri, C. 1908, La radiazione solare al Monte Rosa.
Osservazioni eseguite alla Capanna-Osservatorio Regina
Margherita negli anni 1905-1906; Rend. Acec. Lincei, ser.
5, v. 17, 2 sem., pp. 58-65. Roine.

Ibid. 1908 (anni 1907), p. 214-225.

ALeEssanprr, C. 1908. La radiazione attinica del sole al
Monte Rosa. Osservazioni eseguite alla Capanna-Osser-
vatorio Regina Margherita coll’attinometro fotoelettrico di
Elster e Geitel. Rend. Acc. Lincei, ser. 5, vol. 17, 2 sem.,
pp- 113-118. Rome.

MONTPELLIER.

Eon, L. J. 1901. Intensités calorifiques de la radiation
solaire et durde de l'insolation & Montpellier. Année 1900
et résumé de la série 1883-1900. Bulletin météorologique
du Département de I'Héranlt, année 1900. Montpellier.

Moscow.

BonTcurovskY. 1923, Observations actinométriques. Bul-
letin de I'Institut de physique cosmique de Mosecou. Fasci-
cule 1, pp. 107-110. Moscow.

MouNT CzZARNOHORA.

SteNnz, E. 1924, Observations pyrhéliométriques anciennes
faites dans les monts de Czarnchora. Institut de géophysi-
que et de météorologie de I'Université de Lwéw, v. 46-50,
Nos. 12 and 14, pp. 480-489. Lwoéw.

SteENnz, E. & Orxkrisz, H. 1925. Ohservations pyrhéliométri-
ques faites dans les Carpathes orientales durant 1'été de
Fannée 1924, Institut de géophysique et de météorologle
de I'Université de Lwéw, pp. 421-461. Lwoéw.

MouNT WEATHER.
KimBarL, HerBerT H. 1912.

La radiazione solare al Monte Rosa.
Ital. Catania, v. 37, p. 127-141.

Solar radiation intensities at

Mt. Weather, Va. Bull. Mt. Weather Obs'y. Vol. 5, pp.
303-311. Washington.

Ibid. 1913, Vol. 6, pp. 205-206.

KimeaLL, HErBeErT H. 1914. Mo, Wea. Rev. 42: pp.

138, 310, 520.
Mount WuITNEY.
ABsor, C. G. & OTHERS.
Observatory,
Washington.
Mount WILSON.
Assor, C. G. & orugrs. 1908. Annals of the Astrophysical
Observatory, Smithsonian Institution, Vol. II, p. 73-95.

Washington.

Ibid. 1913. Vol. III, pp. 73-95.

Ibid. 1922. Vol. IV, pp. 101-1186.

MouNT MoONTEZUMA, see CALAMA,
NaprLEs.

BeMporap, A. 1921. Osservazioni Pireliometriche eseguite
a Capodimonte nell'anno 1914. Memorie del R. Osserva-
torio di Capodimonte. Naples.

N1INI-OLTCHEDAEFF.

Morrorr, CoMTE ImracLy. 1912-1914. Observations men-
suelles. Observatoire de météorologique et d’études des
hautes régions de 'atmosphére & Nijni-Oltchedaeff. Kief.

Numazu, see Four.

Washington.

1913.

) Annals of the Astrophysical
Smithsonian Institution, Vol.

I, p. 99.
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Nyxoring.

WesTMAN, J. 1920. Starke der Sonnenstrahlung im Mittel-
schwedischen Ostseegebiet. Mirz 1918-Mai 1919.
Meddelander Frin Statens Meteorologisk-Hydrografiska
Anstalt. Band 1, No. 1. Stockholm.

PANGERANGO.

Suaw, Stk Narier. 1926. Radiation in relation to metcor-
ology. Procés-verbaux des Séances de la Section de
météorologie. Union Géodésique et Géophysique Inter-
nationale, Deuxidéme Assemblée Générale.  Madrid.
QOctdber, 1924, p, 115. Rome.

GorczyRski, Lapisuaus. 1923. Preliminary report on
the results obtained during a voyage in the equatorial

region, March to August, 1923. Mo. Wea. Rev. Oct.
1923, vol. 51, p. 528-529. Washington.
Paris.
Bureau CENTRAL METEOROLOGIQUE DE France. 1907-14,

Observations actinométriques faites au Parc Saint-Maur,
Annales 1. Mémoires, 1907-1914. Paris.

InsTiTUT DE PHYSIQUE DU GLOBE DE L'UNIVERSITE DE PARIS
ET DU BUREAU CENTRAL DE MAaGNETISME TERRESTRE.
1925. Annales, Tome III, pp. 126-137. Paris.

Pavrovsk (SrLourzk).

Savinov, S. I. 1913. The maxima of solar radiation at
Pavlovsk since 1892. Bull. Ac. Imp. des Sci. St. Peters-
bourg, 6me. sér., No. 12, pp. 707-720. St. Petersbourg.

Kavimin, N. N. 1923. Die Wirmesummen der Sonnen-
strahlung fiir Pawlowsk. Met., Zeit.,, vol. 40, p. 353.
Braunschweig.

CeENTRAL PHYsican NicmoLas OBSERVATORY., Annals, Part
1, 1893, to date. St. Petersbourg.

ScuukeEwITscH, J. 1894, Actinometrische Beobactungen
im Kounstantinowschen Observatorium zu Pavlovsk.
Repert f. Meteorol. Bd. 17, No. 5. St. Petersbourg.

Russia. OBSERVATOIRE GEOPHYSIQUE CENTRAL, 1926.
Bulletin de la Commission actinométrique permanente de
I'Observatoire géophysique central. No. 1-2, 1925, No. 1,
1926. Leningrad.

ProENIX.

KimBarLy, HErBeErT H. 1911.
in the polarization of skylight.
171:333-344. Philadelphia.

See also Mo. Wea. Rev., Nov. 1919, 47:776.

Pomona.

KimBaLy, HerBerT H. 1920. Solar radiation intensityv in
the Pacific Coast States. Mo. Wea. Rev., 48:359. Wash-
ington.

PoTspam.

MarTEN, W. 1920. Normalwerte der Somenstrahlung in

Potsdam. Met. Zeit., 37: 254, Table 2. Braunschweig.
Rep Brurr.

KimBarL, Hersert H. 1920. Solar radiation intensity in
the Pacific Coast States. Mo. Wea. Rev., 48:359. Wash-
ington.

St. BLASIEN. .

Baur, Dr. Franz. 1922. Mitteilungen der Wetter und
Sonnenwarte St. Blasien, Heft 1, Table 3, p. 14. St.
Blasien.

PeprLER, ALBERT & WILHELM. 1925.
lungsklima Badens (1 Teil).

Some causes of the variation
Jr. Franklin Institute,

Washington.

Beitrige zum Strah-
Veroffentlichungen der

Badischen Landeswetterwarte. Nr. 7. Karlsruhe.
Santa FE.
Kimearn, HerBerr H. 1915. Solar radiation measure-
ments at Santa Fe, N. Mex., etec. Mo. Wea. Review,

43:439-443, 590, 44:2-4. Monthly thereafter. Washington.
Twin Mountain.
Kivearr, HerBerT H. 1913.
of insolation with elevation.

Observations on the increase
Bull. Mt. Weather Obs'y,

VI, 107-110. Washington. Also Ms. tables.
Lake Peak.
Ibid.
SESTOLA.
Cuistoni, Ciro. 1913. Misure pireliometriche eseguite a

Sestola ed al Monte Cimone nell’estate 1899. Rend. Acc.

Lincei, Roma, ser. 5, v. XII, 1° sem., pp. 258-263. Rome.

Ibid (estate 1900) 2°. sem., 625-628.

CHistoni, Ciro. 1902. Misure pireliometriche fatte a
Sestola nell 'estate del 1901, ser. 5, V. XI, 1°sem., pp. 77-84.
Rome.

SiMLA.

InpiaA METEOROLOGICAL DEPARTMENT. 1908-15. India
Weather Review, 19006-07. Simla.

Ibid. 1908-1913. Calcutta. Monthly Weather Review,

" 1914-15. Calcutta.
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SMEROE.

Seaw, Sir Narigr. 1926. Radiation in relation to mete-

orology. Procés-verbaux des Séances de la Section de
météorologie. Union Géodésique et Géophysique Interna-
tionale. enxiéme Assemblée Générale. Madrid, Octobre,
1924, p. 115. Rome.
SONNBLICK.
Exw~er, Dr. F. 1903. Messungen der Sonnenstrahlung und
der nichtlichen Ausstrahlung auf dem Sonnblick. Met.
Zeit., 20:409. Braunschweig.
TASHKENT.
Russia. OBSERVATOIRE GforuysiQUE CENTRAL. 1926.

Bulletin de 1la Commission actinométrique permanente de
1'Observatoire géophysique central. No. 1-2, 1925, No. 1,
1926. Leningrad.
TENERIFFE.
Pi de Teyde.
NasTROM, KnuTr,  1900.
a différentes altitudes.
1895 et 1896, pp. 37-40.
Alta Vista.
NGSTROM, IKnur. 1900.
4 différentes altitudes.

Intensité de la radiation solaire
Recherches faites 4 Ténériffe
Upsala.

Intensité de la radiation solaire
Recherches faites & Ténériffe

1895 et 1896, pp. 37-40. Upsala.
Izana.
SpaiN.  OBSERvVATORIO CENTRAL METEOROLSGICO. 1917.
Anuario. Suplemento al Tomo III, p. 132-136. Madrid.
Cafiadas.
SpaiN.  OBservaToRI0O CENTRAL METEOROLOGICO. 1917,
Anuario. Suplemento al Tomo II, p. 137-179. Madrid.
Guimar.
NGSTROM, IXNUT. 1900. Intensité de la radiation solaire
a différentes altitudes. Recherches faites 4 Ténériffe
1895 et 1896, pp. 37-40. Upsala.

TuroDOSIA.

Russia. OnservaToire Gfopruysique CENTRAL. 1925, 1926.
Bulletin de la Commission actinométrique permanente de
1’Observatoire géophysique central. No. 1-2, 1925, No. 1,
1926. Leningrad.

TJISOEROEPAN.

Suaw, Sir Naprier. 1926. Radiation in relation to mete-
orology. Procés-verbaux des Séances de la Section de
Météorologie. Union Géodésique et Géophysique Inter-
nationale. Deuxiéme Assemblée Générale. Madrid,
October, 1924, p. 115. Rome.

TraPP.

KimBarn, Herserr H. 1913,
of insolation with elevation.
vol. 6, p. 107-110.

TREURENBERG.

WEesTMAN, J. 1904. Mesures de 1'intensité de la radiation
solaire faites en 1899 et en 1900 & la station d’hivernage
suédoise & la baie de Treurenberg, Spitzberg. Mission
scientifique pour la mesure d'un arc de méridien au Spitz-
berg enterprises en 1899-1902 sous les auspices des gouvern-

Observations on the increase
Bulletin Mt. Weather Obs’y,
Washington.

ments Suédois et Russe. Mission suédois. ome 2.
Section VIII. B. Stockholm.
UPSALA.
WesTtMaAN, J. 1907. Mesures de !'intensité de la radiation
solaire. Kungl. Svenska vetenskapsakademiens handlingar.
Bd. 42, No. 4. Upsala.
URSANOVA.

Gorezy&ski, Lapisuavs, 19100 Sur la valeur de la “con-
stante solaire’” d'aprés les imesures prises & Ursanova
(Pologne) en été 1909. Extrait des comptes rendus des
séances de la société scientifique de Varsovie; classe des
sciences mathématiques et naturelles; III année (1910),

fascicule 3 (Mars). Warswa.
WAHNSDORF.
JAHRBUCH DER  SACHSISCHEN LANDES-WETTERWARTE.

1919. Beobachtungen im Jahre 1918 in Wahnsdorf auf dem
Fichtelberg. I. und II. Abteilung des Jahrganges XXXVI
(1918), Table 14, page 50. Dresden.

WARSAW.

GorczySskr, Lapistaus. 1914, Valeurs pyrhéliométriques
et les sommes d'insolation & Varsovie pendant la période
1901-1913. Publications de la Société scientifique de
Varsovie. Comimission Météorologique, Tome II. Warsaw.

SteNz, Epwarp. 1922, Intensité de la radiation solaire et
U'ingolation 4 Varsovie pendant la période 1913-1918.
Annuaire de 1'institut Central Météorologique de Pologne,
Année 1919, pp. 14-38. Warsaw,
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WASHINGTON.
KimBary, HerBerr H. 1910. Solar radiation intensity at
Washington, D. C. Bull. Mt. Weather Obs’y. Vol. III,

Part 2, pp. 69-126. Washington.

Kiusar, HErserr H. 1915-1925. Mo. Wea. Rev. 42:648.

43:112. Monthly thereafter. Washington.
ZAKOPANE.

Gorczyfski, LapisLaus. 1906. Sur la march annuelle de
V’'intensité du rayonnement solaire & Varsovie et sur la
théorie des appareils employés. page 127. Warsaw.
(Authority given by Gorezyfiski; Witkowski, A. 1905.
Spostrzezenia p¥rheliometryczne w Zakopanem w lecie T.

1903. Spraw. Kom. Fizyogr., Krakéw, 1905.)
MisCELLANEODS.
Observations at sea.
Gorczyfskl, Labpisnavus. 1923. Report from the Polish

Actinometric Expedition to Siam and the Equatorial

Region. Bulletin Météorologique, Institut Central Météo-

rologique & Varsovie. Septembre to October, 1923. pp.

90-92. Warsaw.

Observations from balloons:
OMAHA.

AsBor, C. G. & OmaErs. 1922. Annals Astrophysical
Observatory. Smithsonian Institution. Vol. IV, pp.
347-366. Washington.

GRIESHEIM AM Main.

PEPPLER, ALBERT & STUCHTEY, KARL. 1914. Absolute Mes-
sungen der Sonnenstrahlung auf Hochfahrten in den Aero-
nautischen Observatoriums. 1913. IX Band,pp.349-364
Braunschweig.

Table 8 gives the sources of the data summarized in
Table 7.

It will be noted that in Tables 6 and 7 each station is
given a number, and that in Tables 6 and 8 the arrange-
ment is alphabetical. In Table 7 the arrangement is
geographical, beginning with South America, and then
passing in succession to North American, the Canary
Islands, southern, central, and northern Europe, Africa,
India, Java, Siam, Japan, observations at sea, Oceania,
and observations from balloons.

ATMOSPHERIC TRANSMISSION

The data of Table 7 have been summarized in con-
venient form for studying atmospheric transmission of
solar radiation, or its complement, atmospheric depletion.
The latter is due to four principal causes, as follows:

(1) Scattering by the gas molecules of dry pure air.

(2) Scattering by the water vapor in the atmosphere.

(3) Absorption by the gases of the atmosphere,
principally by water vapor.

(4) Scattering and absorption by the dust particles
suspended in the atmosphere.

Fowle (7) has shown that on high mountains above
the dust of the lower levels atmospheric transmission
by dry air, @,,, agrees closely with the theoretical equation
developed by King (8) from Rayleigh’s classical equations
(9) as follows: -

A =¢—F, where &

2 . H P
%[na(n—n-w +bH]}To +D (1)

n=index of refraction of air.
(n—1)10"=2875.16+ 13.412/22107%+ 0.3777 /310718

H=height of the
=799,000 cm.

P =observed pressure in cm. of mercury.

homogeneous atmosphere,

A=wave length of light in cm.

Ny=molecules per cm.? (P,=76.0 em., t=0°C.)
=2.705%X101?
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b=energy absorbed by the permanent gases and
converted into heat.

D =depletion from atmospheric dust and haze,
which probably does not vary greatly
with A, and becomes almost negligible at
high altitudes.

Assuming b and D each equal to 0.0 and P=P,, a,,
has been computed by equation (1) for 39 values of A
between 0.3415 u and 2.442 u, corresponding to prismatic
deviations of the Smithsonian u. v. glass prism between
+240’ and —40’, at intervals of 10/, except that between
+120’ and +20’ the interval is 5’. The relative inten-
sities of radiation for these wave lengths before deple-
tion by the atmosphere, ep, have been taken from
Fowle’s values (10) with interpolation where necessary.
Let m=the air mass, approximately the secant of the
sun’s zenith distance, and ¢’ the transmission coefficient

for the total solar radiation through dry pure sir. Then
€mx = €x0 ™5y, and (2)

Zepa™
(@)™ = ~E0AT_ ar (3)

Eeox

Both the numerator and the denominator of (3) must
include corrections for both ultra-violet and infre-red
radiation (I11) beyond the limits of the wave-lengths
considered.®* The magnitude of these corrections appears
to be known only spproximately.

To take account of the scattering of solar radiation
by atmospheric moisture, I have also used Fowle’s (10)
values of ay. The equation for ¢’ then becomes

(a/)mz Eeo)\((i"n)\a'ww)\)m (4)

where w is the depth of water in centimeters that would
be obtained if all the moisture in the atmosphere were
precipitated. If w=0, equation (4) is identical with (3).

At stations of the Astrophysical Observatory of the
Smithsonian Institution the vealue of w is determined
spectrobolometrically. At other stations it is necessary

—h

to use Hann’s equation, w=2.3 e 102°°°° where ¢ 1s

the surface vapor pressure in centimeters, and % is alti-
tude in meters above sea level. Fowle states (12) that
this equation can be relied upon only when the mean
values of e for a considerable period are used.

In Figure 3, the values computed from (3) for values of
m=1, 2, 3, 4, and 40.0/76.0=0.526, have been plotted
as ordinates on the scale of their logarithms to the base
10. The abscissas have been numbered for an air pres-
sure of 76 em. Evidently, however, if P <Py, unit air
mass will fall on the abscissa corresponding to the value
of P/P,. Thus, if P=40.0 cm., unit air mass falls at
0.526, 2 m. at 1.052, etc.

Similarly, the values computed from (4) for m=1.0
2.0, 3.0, and 4.0, and values of w=0.5, 1.0, 2.0, 3.0, and
4.0 cm., give curves 2-6, Figure 3. Values have also been
computed for m=0.526, but the form of the equation
shows that for this value of m the precipitable water, w,

. P ..
represented by the curves is P 0 where w is its value for
0

* Asthis paper goes to the printer I have received a copy of ““Smithsonian Solar Radia-
tion Researches,”” by C. G. Abbot (Sonderdruck aus “ Gerlands Beitrage zur Geophy-
sik,” Bd. XVI, Heft 4, pp. 344-353, Leipsic, 1927). In it are given new determinations
for these corrections that are much larger than those heretofore published. Their use
wtoll?qd proabably lead to lower transmission coefficients than are indicated by the curves
of Figure 3.
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P=P, Thus, for P=40 cm., on curves 2-6, w=0.263,
0.526, 1.052, 1.578, and 2.104, respectively.

From computed values of (epn@ana%uy)®, (@’ )™, and curves
given by Fowle (10), I have determined the proportion
of incoming radiation absorbed by quantities of water
vapor represented by wm, where w has the same value
as1n curves 2—6. These computed values of water vapor
absorption have been plotted on curve 12, Figure 3; and
after increasing them by 0.5 at all air masses to take
account of absorption by the permanent geses of the
atmosphere (13) have been deducted from the value of
(@)™ to give values of (a¢’’)™ as plotted on Figure 3 in
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stations, and the results are given in Table 9. Columns
3 and 4 give the scattering and absorption, E,, by pure
dry air; columns 5 and 6, the scattering and absorption,
E,, by water vapor; columns 9 and 10, the total deple-
tion, 1 —a,, as determined from the data in Table 7;
columns 7 and 8, the depletion designated D', above,
which is the difference between the total depletion of
columns 9 and 10 and the sums of the depletions given in
columns 3 and 5, and 4 and 6, respectively. The sub-
script figures aflixed to E, E,, D', and a in the heading
of Table 9, indicate the values of m between which
depletions were computed.

Air Mass (Pressure-76.0 cm)
o 10 20 40
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F1a. 3.—Atmospheric transmission of solar radiation thrm_xgh pure moist air
curves 7-11. They give the proportion of solar radiation

that is transmitted by pure air containing the amounts
of water vapor indicated.

The curves of Figure 3 do not take into account the
depletion of solar radiation by the haze and dust in the
atmosphere represented by the term D in equation (1).
Undoubtedly this depletion results from both scattering
and absorption; but since we do not know the relative
amounts scattered and absorbed, the total is usually
attributed to scattering and is here designated D’ .

From the data in Table 7 and with the aid of Figure 3
we may determine with considerable accuracy the smount
of depletion of solar radiation by the scattering and
absorption of dry sir, aqueous vapor, and haze and dust
. of the atmosphere. This has been done for a few typical

Linke (14) calls the ration Tm=l%" the atmospheric

'm
turbidity factor, and Gotz (15) and Milch (16) have made
extensive use of this factor in recent publications. I have
given values of Ty_; and 7,_, in the last two columns of
Table 9.

An inspection of Table 9 shows but little depletion
from water vapor or from dust on high mountains, which
is in accord with the results obtained by Fowle (17).
There is also less depletion from dust and haze on island
stations than on continents. At Samoa it is less during
the wet summer months than during the dry winter
months. It has been shown (18) that haze at sea consists
principally of minute salt crystals.



- TaBLE 9.—Aimospheric depletion of solar radiation

. Tur-

Dryair | (er | pust | Total | bidity

. factor

Station Season

E¢1; Ev2!| Ewori| Ewerg] D’'o-1 | D03 [1-80-1]1-80-2| To-1 |To-2
Apia__ oo Winter__|0, 09410, 155 0. 197! 0. 277 0.077] 0. 06210. 368(0. 404| 3. 0113, 19
Summer.| .094| . 155| .205 .287| .048[ .005] .347) .447| 3. 69[2.83
Washington... ... Winter__{ . 004} . 155/ .081] 101} ,087] ,141) ,262] .397 2.79f2.56
Summer-| . 094| . 155 165 .230] .103] .127) .362( .512 3.853.30
Mount Wilson....| Summer.! .079 .135 .106| .127} .021} .026{ .206] .288 2.612, 13
Mount Monte- | Winter__| .070| . 126 .048) .071| .021] .021 .139| .217 1.99|1. 74
zuma. Summer_j . 070 . 125 .092) 127} .020{ .O016( .182 .268( 2.60(2. 14
Mount Whitney_ .| Summer.| .059( . 108/ .022] ,040| .028] .034] .107| .180{ 1.81!1.70
Jungfraujoch.___._| Summer._| . 066 .118. L087 058 .020{ .01 .123!.187) 1.86(1,58
Monte Rosa_______| Summer-| . 057 .105‘ L027) .045] .0tel . 037" . 100f . 187 1.75(1. 78
La Quiaca___.._._. Winter__| . 065/ . 117 .047) .068/—. 012! 038! .100 ,223{ 1.54]1. 01
. Summer-| . 065 . 117] . 097 125) . 022 .003{ .184( .245| 2.83|2. 00
Pic de Teyde...__. Summer_| . . 1. 811, 61
Guimar..._......- Summer.| . 090, 2. 5412, 30
I --.| Suminer.| . 0B 2. 1911, 80
Numazu. . ---| Bummer.| . 2.21:2. 60
Helwan______.___. Winter__| . 2, 7412, 29
. Summer.| . 2.87(2. 57
Treurenberg ... Summer.| . 094 . 155 .001] .119|.___.] .021..___}.205_._.. 1.90

The total depletion of solar radiation by atmospheric
scattering is approximately (1 —a’n)+ D'y, and from it
we may compute the intensity of the diffuse radiation to
be expected at the surface of the earth with a cloudless
sky. In this computation it is necessary to make allow-
ance for the fact that only a small proportion of the
diffuse sky radiation is received at the earth’s surface at
normal incidence, and also for the fact that the intensity
of the radiation is not the same from all parts of the sky.
Upon the assumption that photometric measurements of
the brightness of different parts of the sky (19) give the
variations in sky radiation intensity with sufficient ac-
curacy, I find that at Washington the intensity of
diffuse sky radiation on a horizontal surface as com-
puted from the atmospheric scattering of radiation is 1
to 2 per cent greater than the measured amount.

Abbot (20) computed the excess of the solar constant
value over the sum of the measured intensity of direct
solar radiation, diffuse sky radiation on a horizontal
surface, and the computed absorption of solar radiation
by the atmosphere. He found that, expressed in per-
centages, on Mount Whitney the excess was only 0.43; on
Mount Wilson, 2.0; and at Bassour, on September 5, 6,
and 7, 1912, about three months after the eruption of
Katmai Volceno in Alaska, the excess was 14 per cent.
Here, again, scattering and absorption by the gases of
the atmosphere accounted for nearly all the depletion in
solar radiation as it passed through the atmosphere,
except at Bassour during the prevailence of the dusi
cloud from Katmai Volcano.

Abbot (21) has shown that pyrheliometric measure-
ments made on high mountains where there is little dust
will show the nature of variations in the value of the
solar constant. Therefore, the value to meteorologists
of careful measurements of solar radiation intensity is
epparent. It must be emphasized, however, that instru-
mental readings should be given in units of some known
pyrheliometric scale, such as the Angstrom seale, or the
Smithsonian pyrheliometric scale of 1913. The relation
between these two scales appears to be well known (6),
so that radistion intensities expressed in one are readily
reduced to the other.

MONTHLY WEATHER REVIEW

ArRiL, 1927

THE RELATION BETWEEN S8OLAR RADIATION AND AIR
TEMPERATURE

Angstrom (22) has shown the relation that exists
between radiation and temperature. Briefly, the diurnsl
march of both radiation and temperature may be expressed
by a Fourier series, the first constant of which gives the
annual mean, and the constant of the first harmonic the
annual smplitude.

For Washington, the equation for the mean daily
rfzdii_xtion receipt on a horizontsal surface from the sun and
sky is

Qu=23354+171.4cos(B:+13.1°)—-20.0cos(20,+3.4°),

where 6=0 on July 5. After depletion by reflection, by
processes of eveaporation, and by re-radiation from the
heated surface of the earth, the radiation available for
heating the atmosphere is expressed by the equation

Q1=32.2+106.4 cos(0; +10.0°) —22.3 cos(26, —~ 33.0°)

The corresponding equation for the mean daily tem-
perature is

Tu=128+12.3c0os(0—15.5°)+0.3 cos{20, +45.9°).

In case of continuous snow cover from December to
February, inclusive, the radiation equation becomes

Q.=10.9+132.3 cos5(6,—0.3°) - 37.6 cos(20,—49.4°);
and the temperature equation becomes
T.=10.0+15.3 cos(6,—15.5°).
Similarly, we obtain for continuous sunshine
Teo=19.44+16.7cos (0, — 15.5°).

From the above it appears that a continuous snow
cover during the winter months would lower the mid-
winter temperature nearly 6° C., while continuous sun-
shine would raise min-summer temperatures 11° C.

Such equations are of value not only in climatological,
but also in thermodynamical studies.

For example, Angstrém found the annual term for Qr
at Stockholm to be minus. Therefore to maintain
uniform temperatures from year to year heat must be
conveyed through horizontal atmospheric convection
from low latitudes to high latitudes.

It becomes apparent that several factors besides the
incoming radiation require careful measurement, such as
the albedo of the surface of the earth, the rate of evapora-
tion from the surface of the earth, and the intensity of the
outgoing radiation at all seasons of the year and hours of
the day. Angstrom (23), (24) is now making valuable
contributions along these lines,
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TORNADOES IN VIRGINIA, 1814-1925
ALBErT W. GILES

[Oniversity of Arkansas, Fayetteville, Ark.]

The compilation of a record of tornadoes and the con-
struction of a tornado map is a difficult and unsatis-
factory task. Not only are the necessary data widely
scattered, but when assemblage from all available
sources has been completed many interesting and often
essential details are lacking. The phenomena involved
are exceedingly transient, and the destructive results
are quickly healed by man and nature. Therefore,
unless the affected area is soon visited by a competent
observer, much of the interesting detail and many of the
unusual features are permanently lost, or survive only in
the memory of the local inhabitants, always an uncer-
tain index of what occurred.

Another difficulty is in interpretating correctly the
character and motions of the destructive winds. Thun-
derstorm squalls may do considerable local damage lead-
ing to the belief that they were tornadic, yet they lack
the gyratory motion of tornadic winds and can not be
classed as such. Trained observers can readily detect
the difference from the position and attitude of the
débris, but unless a storm causes great property damage
or casualties the area is rarely visited by such observers.
In the following account an earnest effort has been made
to exclude all storms that did not exhibit the phenomena
characteristic of tornadoes.

The record for the earlier years is necessarily meager
and brief due to uncertain and difficult means of com-

munication, smaller population, and absence of a suitable? .

agency for the collection and recording of weather data.
The record is believed to be fairly complete since 1870,
although probably a number of mild tornadoes in country
districts have not been recorded.

In the preparation of the data all available sources
have been utilized. Files of old newspapers have been
consulted and clues have been profitably followed up by
personal correspondence. The records of the Weather
Bureau office in Richmond have been placed at the
writer’s disposal by Mr. E. A. Evans, in charge of that
office. A number of accounts have appeared in the
MonTtaLY WeATHER REVIEW, and Mr. H. C. Hunter, of
the Weather Bureau, has kindly assisted in making avail-
able from the files in Washington the record of a number
of occurrences. The reports by Mr. J. P. Finley pub-
lished in 1882 and 1885 by the United States Signal
Service have supplied information concerning a number
of Virginia tornadoes, and Mr. Finley has kindly supple-
mented this with details regarding 22 more recent occur-
rences. The annual reports of the Chief of the Weather
Bureau, particularly for the years 1896 and 1897, have
also yielded valuable data.

Table 1 gives all obtainable data for the 63 tornadoes
recorded in Virginia to January 1, 1925. The order is
chronological. The numbers in the first column are those
of the tornado tracks the location and relative length
of which are shown in Figure 1.



